Abstract. The typhoon Meranti has been the strongest typhoon since the founding of the People's Republic of China, causing serious damage to the distribution circuits in Xiamen. By using geographical information system (GIS), the meteorological observation data were processed to obtain the distribution of wind and rain during "Meranti" period, and the distribution of disaster loss of distribution circuits was sorted out in Xiamen. Four typical disaster loss points were selected based on the specific types of disaster loss, and the causes of disaster were analyzed and studied. The results show that the distribution circuits of Xiamen island are damaged due to the problems in the design and operation of distribution circuits in the uncabled area with gentle topography. The terrain outside of Xiamen island is relatively harsh, and there are also problems of heavy wind and rain, distribution circuits design and operation and maintenance resulting in the damage of wiring.
Introduction
With global warming and rising sea levels, a variety of natural disasters caused by abnormal weather and climate are increasing. Among them, due to its frequent occurrence, high intensity, difficult path prediction, and wide range of impacts, the typhoon has caused great damage to the affected areas. According to statistics, from 1961 to 2016, 392 typhoons landed and affected Fujian province, with an average of 7 typhoons per year, including 1.6 typhoons landing and 5.4 typhoons affecting. Due to the special geographical location and the adjacent island of Taiwan, the typhoon that landed in Fujian has the characteristics of complex path, large structural and intensity changes, accompanied by heavy precipitation, strong destructive winds in coastal areas and so on, which is easy to cause severe wind, rain and tide disasters [1] . The safe and stable operation of power system is the foundation of national and social stability and the premise of economic construction and development [2, 3, 4] . The city of Xiamen is located in the southern coastal area of Fujian province, which is located in the coastal power load center as well as an economic center. When it is hit by the severe typhoon disaster, it will severely impact its power grid operation and have a huge impact on the national economy and people's livelihood [5, 6, 7] .
"Meranti" landed in Xiang 'an district of Xiamen, causing more than 3 million households to lose power. Xiamen power grid, especially its power distribution circuits, was severely damaged, resulting in a series of problems such as national economic construction and people's livelihood. Therefore, it is of great practical significance to study the impact of typhoon Meranti on power distribution circuits and put forward measures and suggestions for coastal power distribution circuits to resist typhoon disasters in Xiamen.
This paper starts with the path landed on Xiamen and the wind and rain caused by "Meranti". Combined with the research on the types and distribution statistics of the distribution circuits, the GIS is used to invert the impact of the typhoon on the distribution circuits of Xiamen. The topographical features have been affected by the wind and rain, and the cause of the disaster caused by the distribution circuits of Xiamen was finally obtained [8, 9, 10] .
Meteorological Characteristics of Typhoon Meranti

Typhoon Track
The formation of the typhoon weather process is closely related to the weather situation within a certain range. The gradual strengthening of the subtropical high in the typhoon has a great relationship with the adjustment of the long wave. From the high-altitude map at 500 hPa, the high-pressure ridge is located at 105E, and the long-wave trough around Balkhash Lake has also been established, and the intensity of the subtropical high-pressure is relatively strong. The subtropical high continues to affect south China from 11th to 15th. At 10am on September 14, 20161614 typhoon Meranti (super typhoon) center is located in the sea south of Taiwan, about 405 km southeast of Zhangpu, Fujian province. Near the center, the maximum wind force reaches 17 level (60 m/s), and the minimum central pressure is 915 hPa. At around 3am on September 15, "Meranti" officially made landfall in Xiamen, and then moved northwest at about 20 km per hour. Affected by the peripheral flow field of the tropical cyclone, the tropical depression in the South China sea moves to the west. In Fujian province, the residual typhoon circulation control changes to be controlled by the subtropical high-pressure circulation, and "Meranti" weakened to a tropical depression in the early morning of April 16 in Jiangxi.
Statistical analysis of the nine typhoons that entered the direct landed or affected Xiamen in Fujian since 1949, as shown in Table 1 . The comparative analysis found that the typhoon Meranti was the strongest one to directly land or affect Xiamen. It landed with a strong typhoon level, the maximum wind speed was 50 m/s, and the lowest at the center was only 915 hPa. The most similar to the "Meranti" path and intensity is the No. 15 typhoon "Percy" in 1980. "Percy" is the wind record holder of Dongshan island, the average wind of 10 minutes is 48m/s (15 level). Dongshan and Yunxiao suffered heavy losses, but the landing intensity of "Percy" was an order of magnitude smaller than that of "Meranti". It can be seen that the wind and loss of "Meranti" is greater than "Percy". 
Wind and Rain Distribution of Typhoon Meranti
Based on the monitoring results of 81 meteorological stations from 14 to 16 September, 2016, statistical analysis of precipitation and wind speed was conducted. Then, precipitation and wind speed were interpolated using GIS technology, and the distribution of wind and rain was obtained as shown in Figure 1 . Instead of passing through Taiwan, "Meranti" made direct landfall in Xiamen, Fujian province. With heavy rainfall intensity, high efficiency and high wind speed, it made landfall in at 3:00 on September 15 and passed through the area of Tong'an at 4:00. Affected by factors such as high-altitude trough and low-level vorticity, the accumulated precipitation during the typhoon Meranti is generally above 100 mm in Xiamen. The precipitation in the western part of Jimei district and the northern part of Tong'an district even exceeds 250 mm, while the precipitation in the south and the junction of Xiang'an and Tong'an is less than 100 mm, and other area is less than 50 mm. From the perspective of the distribution of extreme wind speed, the great wind speed in the west of Xiamen island, the central part of Tong'an district, the northern part of Jimei district and the southern part of Xiang'an district is relatively large, and the wind speed is generally above 46 m/s, which has a relatively wide impact. 
Analysis of Disasters Distribution Based on GIS
Distribution of Damage Points
"Meranti" had a great impact on distribution circuits in Fujian province, and power distribution circuits of Xiamen had the most serious damage, and the inverted tower was about 4,300. The geographical location of the main distribution located in island lake district, the island outside Jimei, Tong'an and Xiang 'an district. The initial analysis of the cause of the inverted rod mainly includes several cases: the wind is too strong and directly blows off and down, the wind blows the tree down, and foreign body damage. According to the analysis of disaster loss statistics of Xiamen power distribution circuits, the wind directly caused the highest ratio of inverted pole (80.5%), followed by tree falling caused the broken line of inverted pole (13.1%), floating objects, billboards and other foreign matter hanging line caused the inverted pole (2.1%).
Based on the statistical data of power distribution circuits disaster loss and the wind and rain distribution of Xiamen during "Meranti" period, GIS was used to draw the disaster loss distribution diagram as shown in Figure 2 . It can be seen from the previous analysis that, affected by factors such as high trough and low vorticity, Xiamen experienced the strongest typhoon since the founding of the People's Republic of China, and the combination of wind and rain caused serious damage to the distribution circuits.
The point of the distribution circuits is mainly concentrated in central Xiamen and relatively concentrated. In order to study the cause of the distribution of the distribution circuits, according to the distribution characteristics of the point, the distribution points of the distribution circuits in four regions are selected for further analysis. The damage point 1 (118.096 ° E, 24.523 ° N) is located in the northwest of Xiamen island, cable rate is low. Damage point 2 (117.980 ° E, 24.624 ° N) is located in Jimei district, wind and rain are larger and back to mountain. Damage point 3 (118.210 ° E, 24.752 ° N) is located in Tong 'an and Xiang 'an district, the level wind and rain are smaller. Damage point 4 (118.114 ° E, 24.809 ° N) is located in Tong'an district, the location of sparse distribution circuits. 
Analysis of Typical Damage Points
In order to analyze the weather conditions causing the power distribution circuits disaster loss, WRF model was used to simulate and invert the change process of "Meranti". Among them, the vertical direction of WRF model was 45 layers, and the top of the model was 50 hPa. The upper and lower density division method was adopted, in which there were 13 layers below 1 km. The center of the simulation area is 26 ° N, 118 ° E, and the mode is set to two levels of nesting. The first layer of horizontal resolution is set to 9 km, grid number is 424×550, the second layer is set to 3 km, grid number is 262×262. The integral time period of the mode is from 20, September 13 to 08 September 16, 2016. The radiation scheme adopts RRTM long wave radiation scheme and Dudhia short wave radiation scheme, and the YSU boundary layer scheme and Noah land surface model are used to couple the single-layer urban canopy model.
According to the results of WRF, the vertical distribution diagram of water vapor and the vertical distribution diagram of wind field of four disaster loss points from 00 o'clock on September 15 to 8:00 o 'clock on September 15, 2016 is shown in Figure 3 and Figure 4 . "Meranti" landed in Xiamen at about 3:00 a.m on September 15, 2016, before the typhoon landed, the strength of the convergence center of water vapor was relatively strong. During the period of heavy rainfall, the air humidity was also relatively high, and abundant water vapor provided necessary conditions for the maintenance of heavy rain in Xiamen.
The humidity above the disaster point 1 and the disaster point 2 is relatively large, which is substantially coincident with the strong precipitation area of Figure 3 . After the landing of "Meranti", the ascending movement was still very strong. Compared with before landing, although the ascending movement was weakened, the high altitude was still controlled by the consistently significant updraft, and the strong ascending movement provided a good uplift for the occurrence of heavy rain condition. The humidity at the disaster damage point 3 and the disaster damage point 4 is relatively small. After the typhoon landing, the wind weakens obviously, but the strong wind area is still located in the northeast quadrant, and the just damage points 3 and 4 are on the northeast side of the typhoon center. The lifting condition is conducive to precipitation form. The elevation data of 90 m resolution in Xiamen was processed by GIS. According to the longitude and latitude information of four disaster loss points, the elevation, slope, slope position and slope direction of the point were extracted respectively, as shown in table 2. It can be seen that the disaster point 1 is located on the flat slope, with a small elevation and slope. The disaster point 2 is located on the flat slope, and the elevation and slope are slightly larger than the disaster point 1. Although the elevation is not high, the slope is relatively large and it is located on the ridge. The disaster point 4 is located on the ridge, with a large elevation and slope. It can be seen from Figure. 3 and Figure. 4 that the terrain conditions of the disaster point 1 and 2 are relatively flat, but the wind and rain brought by the typhoon are strong, which is easy to cause disasters. The wind and rain intensity of the disaster points 3 and 4 are less than disaster point 1 and 2, but the terrain has a large slope and is on the ridge. It is easy to cause disasters after superimposed wind and rain. 
Summary
This paper analyzes the damage caused by the typhoon Meranti to the Xiamen distribution circuits, and analyzes the causes of the distribution circuits damage from the meteorological conditions and the distribution circuits's own attributes in 2016. "Meranti" has become the strongest typhoon since the founding of the People's Republic of China in Xiamen. Using the meteorological observation data during "Meranti" period and the statistics of the disaster points of the Xiamen distribution circuits to map the wind and rain distribution and the damage distribution by GIS. The weather, geomorphology and towers of four typical disaster points were studied in depth, and the causes of the disaster were obtained.
